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In this paper, we consider a reaction diffusion system with linear cross-diffusion. We carry out the analytical 
study in detail and find out that, when the diffusion coefficient is unity, Turing instability does not occur, but 
with the introduction of cross-diffusion, the system exhibit Turing instability. The numerical results reveal that, 
on increasing the value of, there is an occurrence of spatial patterns which conforms with the theoretical results. 
The cross-diffusion coefficients really play a vital role on the parameter spaces and spatial patterns of our 
system. 
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1 Introduction 
      The formation of patterns is one of the vital areas of research in mathematical biology. The popular one that 
mostly studied model for pattern formation is the reaction-diffusion which was proposed by Alan Turing in 
1952 [37]. He demonstrated that a system of reacting and diffusing chemicals can evolve from initial near-
homogeneity into a spatial pattern of chemical concentration. To describe the interaction between species in the 
areas of say, population dynamics, we usually investigate the general reaction-diffusion equations of the form      
                                              where                    is a matrix of the diffusion coefficients and 𝒇 is the reaction 
term. Here, we introduce cross-diffusion coefficient to the system. 
      In recent years, they have studied the Turing patterns similar to our model but have not really considered the 
negative diffusion, to see whether Turing patterns can occur outside the classical Turing parameter space. We 
study both positive and negative cross-diffusion, thereby selecting a point outside the classical parameter space 
to see whether there will be an emergence of spatial patterns, we then compare it with the theoretical analysis. 
Our work is organized as follows. In Section 2, we analyze our model, here we study under what conditions on 
the parameter values is the uniform steady state stable or unstable. We determine the parameter values that are 
outside the classical Turing diffusion-driven instability parameter space that are likely to give rise to pattern. In 
Section 3, this is where we derive the finite difference method that will be use for our numerical computations. 
In Section 4, we perform our numerical simulations by using finite difference method derived in Section 3 and 
the results are compare to the linear stability solutions, the whole process were implemented in MATLAB. 
        Finally, Section 5, is devoted to some discussions and conclusions. 
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